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Abstract—Due to homonymy, a new name Cephalonega Fedonkin, nom. nov. was proposed for the genus of
Vendian macroorganisms, Onega Fedonkin. The improved diagnosis of this genus and evidence that this
genus belongs to Proarticulata, an extinct phylum of Metazoa, are given. A detailed characterization of the
phylum and all Proarticulata classes is given for the first time.
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INTRODUCTION
In 1972 the first large locality of Ediacaran-type
fossils in the Upper Vendian natural outcrops in the
north-west of the East European Platform was discovered on the Onega Peninsula along the banks of the
Syuzma River (Keller et al., 1974). At the early stages
of studying the Syuzma locality, several impressions of
a small organism were found and this organism was
described as the monotypical genus Onega Fedonkin,
1976 (Keller and Fedonkin, 1976). The small sizes, the
presence of signs of segmentation, and, at this, the
observed simplicity in the structure allowed one to
consider this creature as a juvenile form of articulated
animals: arthropods (Keller and Fedonkin, 1976;
Glaessner, 1979) or annelids (Fedonkin, 1981). Later,
Fedonkin ascribed Onega to protoarticulates belonging to the phylum of Metazoa, which became extinct
probably in the Precambrian (Fedonkin, 1985). Due
to the discovery and study of new localities of macrofossils in the southeastern White Sea Region, including the largest in the world Zimnie Gory locality, the
less attention of researchers has been paid to the
Syuzma finds. Only in the early 21st century, the study
of new materials obtained during large-scale surveys
made it possible to refine the morphology of an organism and expand the known range of its stratigraphic
distribution (Ivantsov, 2007). At the same time, it
turned out that the name Onega was preoccupied by
Onega Distant, 1908, a genus of modern South American leafhoppers of the family Cicadellidae (Takiya
and Cavichioli, 2004).
In this work, the new generic name for Syuzma fossil organism is suggested. In addition, the diagnosis of

the genus and the description of the species were modified. In order to substantiate the systematical position
of the taxon the refined characteristics of Proarticulata
and subordinated high-rank taxa were formulated.
DISCUSSION
The phylum Proarticulata was distinguished in the
composition of the Vendian fauna on the basis of
studying the bilateral–symmetrical animals, which
exhibit symmetry of gliding reflection. Originally,
these animals were grouped into the classes of Vendiamorpha and Dipleurozoa (Fedonkin, 1985). In this
work, we substantiate the creation of the third class of
proarticulates, Cephalozoa. Over the past years, due to
systematic excavations and the detailed study of the
representative fossil material (Ivantsov, 2007, 2008,
2011), proarticulates obtained the status of the group
of Vendian invertebrates of the highest species diversity, while their distribution is limited only by the
Upper Vendian of Eastern Europe (including the
Urals) and the Ediacaran of South Australia. Dickinsonia Sprigg, 1947, one of the classical Neoproterozoic
fossils, described and interpreted in many articles, is a
typical representative of proarticulates.
Proarticulates have a low and wide metameric
body, but without lateral or ventral appendages, which
can act as limbs. There are known finds of feeding
traces of proarticulates that allow one to ascribe them
to metazoans, capable of active movement and nutrition (Ivantsov and Malakhovskaya, 2002; Fedonkin,
2002; Gehling et al., 2005; Ivantsov, 2011). One of the
characteristic features of the structural organization of
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proarticulates is their “pre-articulation” or “pseudometamerism” that means the separation of a body into
two rows of “semi-segments” (isomers), shifted relative to each other on both sides of the sagittal plane
(Fedonkin, 1985; Ivantsov, 2008). The alternating
arrangement of isomers (symmetry of gliding reflection) is usually quite clear on fossil remains of proarticulates of all known species, but, sometimes, there
are specimens with the opposite arrangement of isomers. As an example, a juvenile form of Dickinsonia
costata is mentioned (Gehling et al., 2005; Evans et al.,
2017; Hoekzema et al., 2017; Dunn et al., 2018). It
should be noted that the opposite arrangement of isomers is characteristic of small specimens with thin isomers, but it is not always. Such an arrangement is
unknown for proarticulates with wide isomers. Nevertheless, some researches consider the very opposite
arrangement as a primary one and describe Dickinsonia, correspondingly, as normally segmented organisms (Glaessner and Wade, 1966; Wade, 1972; Jenkins, 1992; Gehling et al., 2005; Evans et al., 2017;
Hoekzema et al., 2017; Dunn et al., 2018). Here, we
present images of large and small specimens of one of
Dickinsonia species, which have thin isomers with the
distinct alternative arrangement (Plate 3, figs. 2, 3). In
our opinion, the clearness and regularity of impressions indicate the absence of deformation of the body
and, correspondingly, the primary origin of such an
arrangement of isomers. The insignificant postmortem longitudinal displacement of one or the other side
of the body would be enough for the small specimen
(Plate 3, fig. 3) to have the opposite arrangement of
isomers (or vice versa). However, based on this
assumption, it is difficult to explain an absence of continuity of ridges marking the boundaries between isomers, observed on the body axis of the large specimen
(Plate 3, fig. 2). Of course, it is hard to prove the primary origin of any arrangement by showing more and
more found specimens. However, the possibility of
differentiation of the “segments” on impressions into
two parts strictly along the body axis and the displacement of these parts relative to each other, no matter
what a reason was, indicates the presence of a certain
longitudinal structure (membrane, cord or other lin-

ear zone), with which the proximal ends of isomers are
linked. The occurrence of a narrow longitudinal structure, which divides the body into two rather independent parts contradicts to the structural pattern of the
Phanerozoic articulates. There is no evidence of such
a structure on their fossil remains. Thus, the phylum
Proarticulata can be contrasted to all other single segmented metazoans.
It is likely that the segmented structure, which
determines a characteristic impression of proarticulates, represents only a part of the body of an organism. This thin-walled formation covered inner zones
of the body from dorsal and ventral sides (Ivantsov
et al., 2019) and was made of the matter, denser and
more resistant to decomposition, than other materials
in the structure of proarticulates (Bobrovskiy et al.,
2019). The formation was covered with a different kind
of matter, which formed a shield, sometimes unsegmented, on the dorsal side of the body. The outer surface of the shield was covered with tubercles and other
outgrowths. It is assumed that the segmented structure
represented the basal membrane covered with the
ectodermal integuments (Ivantsov et al., 2019).
According to E. Dzik, in Dipleurozoa (a high-rank
taxon, which includes several Cephalozoa genera of
the proposed system apart from Dickinsonia), a special
metameric organ, consisting of a series of muscle
chambers, was located inside the body above the
straight intestinal tract with outgrowths. In the anatomical organization of Dipleurozoa species, Dzik
traces homology with nemerteans and some deuterostomatous organisms (Dzik and Ivantsov, 1999;
Dzik and Martyshyn, 2015). However, the dorsal
arrangement of the metameric organ is not confirmed
by the fossil material available. Accordingly, the interpretation of some structures (see the above works) that
are weakly expressed on impressions, such as muscular
pharynx or serially arranged gonads seems to be poorly
substantiated.
In contrast to such ideas, Fedonkin (2002) interpreted the metameric structure of Dickinsonia, Ovatoscutum, and Andiva as a ribbed, thin and flexible dorsal cover or shield. Due to this, the problem of the seg-

Explanation of Plate 3
Proarticulates from Upper Vendian deposits of the southeastern White Sea Region; figs. 1–4 natural impressions, figs. 5–9 latex
casts; Scale bar: figs. 1–3, 1 cm; figs. 4–8, 0.5 cm; fig. 9, 0.3 cm.
Figs. 1–4. Dickinsonia cf. menneri (Keller, 1976): (1) spec. PIN, no. 4716/5148, one of the largest specimens of the species;
(2) spec. PIN, no. 4716/5165, a detail, which shows the alternating arrangement of isomers, typical of proarticulates; (3) spec.
PIN, no. 4716/5150, an average-sized specimen (a larger size of the head section relative to the width of isomers, long preserved
during the ontogenesis, a diagnostic feature of the species); (4) spec. PIN, no. 4716/5146, specimen with intravital damage of the
posterior end of the body, which led to the splitting of the zone of formation of new isomers and the subsequent growth in two
directions: (4a) a general view, (4b) a detail; Lyamtsa bank, Lyamtsa locality, fossil assemblage L2(XII); Ust-Pinega Formation,
Arkhangelsk Beds.
Figs. 5–10. Cephalonega stepanovi (Fedonkin, 1976): (5) holotype PIN, no. 3992/5049; (6) spec. PIN, no. 3992/5005 (arrow
shows the filamentous outgrowth); (7) spec. PIN, no. 3992/5041; Syuzma River, Syuzma locality, fossil assemblage SZ1(XX);
Syuzma Beds; (8) spec. PIN, no. 3993/6795; (9) spec. PIN, no. 3993/6397; Winter Coast of the White Sea, Zimnie Gory locality,
fossil assemblage Z11(XXII); Zimnie Gory Beds; (10) spec. PIN, no. 4853/600; Solza River, Solza locality, fossil assemblage
SL1(VII); Syuzma Beds.
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mentation of the lower side of proarticulates is still
open. However, there are the feeding traces of some
species, including D. costata, which represent, in fact,
imprints of the ventral side of these organisms.
According to these traces, the upper and lower sides of
proarticulates were segmented in the same way
(Ivantsov, 2011).
The body growth during the ontogenesis of proarticulates was realized in two ways: an increase in a
number of isomers (or their pairs, which some
authors consider as segments) and an increase in
their linear dimensions (Runnegar, 1982; Ivantsov,
2004; Hoekzema et al., 2017). It is generally regarded
that the growth zone was located at the pointed end of
the proarticulate body, where new small isomers were
added (Runnegar, 1982; Sperling and Vinther, 2010;
Gold et al., 2015; Evans et al., 2017). According to an
alternative hypothesis, the growth zone in the Discinsonia species was located between the unpaired lobe
and the rest of the body, and new isomers were
inserted (Hoekzema et al., 2017; Dunn et al., 2018). A
pointed end overgrown with small isomers is usually
interpreted as the posterior one (Glaessner and Wade,
1966; Wade, 1972; Runnegar, 1982), but this became
clear only when oriented movement and feeding traces
of animals were found in association with the body
imprints (Ivantsov and Malakhovskaya, 2002; Gehling et al., 2005; Ivantsov, 2011). An interesting teratological phenomenon is observed for the first time in
the specimen of D. cf. menneri from our collection: the
intravital splitting of the body along the axis into two
parts with the formation of an additional line of alternating isomers (Plate III, fig. 2). This specimen confirms the assumption of the posterior terminal
arrangement of the growth zone in proarticulates. At
the opposite (anterior) end, many proarticulates has
an unpaired lobe or unsegmented part. The Dickinsonia species have sub-triangular outlines of the latter.
This segment is expressed to varying degrees in the
taxa of Dipleurozoa and Cephalozoa and interpreted
as an element of the initial evolutionary cephalization
of Metazoa. It is likely that sensory cells (mechanoreceptors, chemoreceptors, thermoreceptors, and others), reacting to various kinds of stress were concentrated at the anterior end of actively moving animals.
The head section of small and juvenile proarticulates is
relatively large in size and can cover the body from the
anterior side and laterally (Ivantsov, 2008). The
growth and transition to more adult forms was accompanied by an abrupt increase in a number of isomers,
which may indicate the existence of a particular larval
stage in ontogenesis (Zakrevskaya and Ivantsov, 2017).
The similarity of Cephalonega nom. nov. with
proarticulates and, above all, with the juvenile specimens of some representatives of the class Cephalozoa
is determined by the presence of the head section and
the pattern of body segmentation, alternative arrangement of the transverse elements of the trunk section,
and the small-tubercle sculpture of the integument. A

remarkable structure, which is characteristic only of
the Syuzma proarticulate is represented by the presence of two thin filamentous outgrowths extending
from the posterior end of the segmented area (Ivantsov
et al., 2019). Judging by the fact that they occur only in
specimens with clearly visible tubercles and their presence does not affect the size and shape of adjacent isomers, these filaments have an ectodermal origin.
In this respect, the outbreak of small Cephalonega
species of approximately the same size should be
noted (Fig. 1). It was most likely due to biological, but
not taphonomical reasons and the granulometric
composition of rocks, since in all cases the organisms
were buried in situ without subsequent transportation
and size grading. In addition, the size of sandstone
grains, which could affect in theory the ability to distinguish fossil impressions, was different in all localities. This phenomenon may indicate the beginning of
a certain phase of the individual development of an
animal, for example, settling of the floating stage.
The refined morphological characteristics of the
phylum Proarticulata and subordinate high-rank taxa
are given below. We are aware of problems and the
conventionality of suprageneric systematics of proarticulates since: despite the extensive fossil material
available many aspects remain unclear especially in
terms of the anatomical organization, early ontogenesis, histology, and physiology.
The studied material is stored in the Borissiak Paleontological Institute of Russian Academy of Sciences
(PIN) (collection nos. 3992, 3993, 4716, 4852, and
4853).
Phylum Proarticulata Fedonkin, 1985. Metazoans
with a low wide body, divided completely or partially
into two rows of the same-type elements, isomers,
arranged alternatively relative to the longitudinal axis
of the body., The unsegmented head section is distinguished at the anterior end of many organisms. In
turn, in small forms, it can surround laterally the segmented (trunk) section.
Internal structures are represented by channel
complexes. One of them consists of a large axial canal,
single or double, and a series of smaller lateral canals,
sometimes dichotomously branching. This complex is
interpreted as a digestive–distribution system. Another
complex consists of many thin branching channels,
located mainly in the head section. The latter is interpreted as a secretory organ, which is also probably a
part of the digestion system.
Based on the traces found in association with body
remains of trace-producers, at least, three species of
proarticulates could move and feed by the upper layer
of microbial mats, destroying them with the ventral
surface. The digestion was either external or occurred
in the special cavities of the digestive-distribution system, which opened in slits on the ventral side. The
length of traces indicates that proarticulates were able
to move relatively quickly over considerable distances
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Fig. 1. Proportions of the body of Cephalonega stepanovi (Fedonkin, 1976): (a) for the species in general, (b) for different localities.

that could be possible if they had developed a
muscular system.
The growth of proarticulates was caused by an
increase in a size of their bodies and in a number of
isomers. An addition of new isomers was at the posterior end of the body throughout the lifetime or only at
the early stage of ontogenesis. It was proved that there
existed larvae of some species with a relatively large
head and weakly segmented trunk sections. In addition, it is assumed that they had other ecological preferences than an adult organism.
The symmetry of gliding reflection, which determines the architectonics of some groups of the Vendian benthos, including attached modular forms and
mobile bilateral proarticulates, is interpreted as a result
of spiral growth of the body (probably, spiral cleavage
of an egg), which allows the assumption of the phylogenetic link between these groups (Fedonkin, 2017).
Class Vendiamorpha Fedonkin, 1985. Proarticulates
are mainly represented by small specimens. There is
PALEONTOLOGICAL JOURNAL
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no head section. The external ends of isomers are oriented sideways and backward. The axial structure is
composed of the axial channel and lateral branches,
one branch per one isomer. Genera Paravendia
Ivantsov, 2004, Vendia Keller, 1969, and, probably,
Karakhtia Ivantsov, 2004 are ascribed to this class.
Class Dipleurozoa Harrington et Moore, 1955.
Proarticulates are from small to very large in size. At
the early stage of ontogenesis, the head section is
semicircle or wide triangle and the external ends of
isomers are oriented sideways and backward. At the
intermediate and late stages of ontogenesis, isomers
are arranged subradially, and the head section in shape
and size is close to anterior isomers. The axial structure consists of a single or doubled axial channel and
lateral branches. A number of the latter can be considerably less than a number of isomers. This class
includes only one genus Dickinsonia Sprigg, 1947.
Class Cephalozoa Ivantsov, 2004. Proarticulates are
from small to large in size. The head section, well

452

IVANTSOV et al.

defined at all stages of ontogenesis, is semicircular to
crescent in shape. The external ends of the isomers are
backward oriented. The axial structure consists of the
axial channel and lateral branches or only of branches;
one isomer is per one branch. Sometimes, the sculpture on the dorsal surface of juvenile specimens is represented by small tubercles. This class combines the
most of proarticlate genera, including: Andiva Fedonkin, 2002, Archaeaspinus Ivantsov, 2007, Cephalonega Fedonkin, nom. nov., Cyanorus Ivantsov, 2004,
Ivovicia Ivantsov, 2007, Lossinia Ivantsov, 2007,
Marywadea Glaessner, 1976, Ovatoscutum Glaessner
et Wade, 1966, Podolimirus Fedonkin, 1983, Praecambridium Glaessner et Wade, 1966, Spriggina Glaessner,
1958, Tamga Ivantsov, 2007, and Yorgia Ivantsov,
1999.
SYSTEMATIC PALEONTOLOGY
CLASS CEPHALOZOA
Order and Family Incertae Sedis
Genus Cephalonega Fedonkin, nom. nov.
Onega (non Distant, 1908): Keller and Fedonkin, 1976, p. 42;
Glaessner, 1979, p. 104; Fedonkin, 1981, p. 20;Fedonkin, 1985,
p. 56; Fedonkin, 1987, p. 104; Ivantsov, 2007, pp. 4–5.

E t y m o l o g y. From genus name Onega and from
Greek κεϕαλή (head).
H o l o t y p e. Onega stepanovi Fedonkin, 1976
from the Upper Vendian of the Arkhangelsk Region.
D i a g n o s i s. Body with predominantly ovoid
outlines, with expanded and slightly blunted anterior
end; separated into two sections: unsegmented head
and trunk, separated into two rows of isomers; at this,
the head section surrounds the trunk one all around.
Isomers are sharp oval outgrowths, small, slightly
elongated in the direction transverse to the axis of the
body, arranged into a compact group. The dorsal surface is covered by small tubercles. Two backward-oriented thin filamentous outgrowths extend from the
posterior margin of the trunk section.
C o m p a r i s o n. This genus is similar to small
proarticulates and juvenile forms of large Cephalozoa
species in the way the head section surrounds all isomers (Tamga, Yorgia, Ovatoscutum) and tuberculose
sculpture of the dorsal surface (Yorgia, Archaeaspinus,
Lossinia). It differs in ovoid outlines of the body and
small isomers, arranged into a compact group and in
the presence of filamentous outgrowths.
R e m a r k s. The formal diagnosis of the genus was
first presented in (Glaessner, 1979). The position of
the anterior end of the body was determined by analogy with other proarticulates.
C o m p o s i t i o n. Type species.

Cephalonega stepanovi (Fedonkin, 1976)
Plate 3, figs. 5–10

Onega stepanovi: Keller and Fedonkin, 1976, p. 42, pl. III,
figs. 3, 6; Fedonkin, 1981, p. 71, pl. XIII, figs. 5, 6; Fedonkin,
1985, p. 93, pl. XIX, figs. 1, 2, 4, 8, 9; Ivantsov, 2007, p. 4, pl. III,
figs. 7, 8, fig. 3c.

H o l o t y p e. PIN, no. 3992/5049 (formerly GIN,
no. 4464/57V), impression; Arkhangelsk Region,
Winter Coast of the White Sea, the Syuzma River right
bank 5.5 km upstream of the mouth, Syuzma locality;
Upper Vendian, Ust-Pinega Formation, Syuzma
Beds, fossil assemblage SZ1(XX) (Keller and Fedonkin, 1976, pl. III, fig. 6; Fedonkin, 1981, pl. XIII,
fig. 6; Fedonkin, 1985, p. 93, pl. XIX, fig. 8).
D e s c r i p t i o n. The body outlines of small specimens are elliptical, larger specimens have ovoid outlines; the maximum width is near the anterior end of
the trunk section. The anterior part of the head section
(located ahead of the trunk section) is two times longer than the posterior one (located behind the trunk
section) and its width from the lateral sides; moreover,
it is only slightly less than the length of the trunk section. Isomers are oval, subradially oriented. They
increase in size from the first pair to the fourth one,
gradually decreasing after that. A visible number of
isomers – 8–10 pairs.
There are two variants of preservation of the trunk
section. In the first case, its surface is flat or slightly
curved in the axial part; there are no visible isomers
(Pl. 3, fig. 10), or their boundaries are represented by
thin grooves; sometimes there is visible sculpture, consisting of evenly scattered tubercles (Pl. 3, figs. 8, 9). Isomers can be well-defined both on the edges and on the
axis of the section, demonstrating the alternation, typical of proarticulates (Pl.3 fig. 9). In the second case, a
wide and deep groove occurs on the axis of the section
and isomers occur as short, deformed to a varying
degree, ridges, the internal ends of which rest against
to the axial groove (Pl. 3, figs. 6, 7). Apparently, these
two variants of preservation indicate different stages of
decomposition of the tissue of the trunk section,
which was accompanied by a collapse of the least
dense sites, inner parts of isomers and the axial structure (Fig. 2).
The external margin of the head section is outlined
by a thin rim, which is the most prominent at the anterior end. The dorsal surface is covered by small conical
tubercles, which increase in size from the external
margin towards the center. Two thin backward-oriented filamentous outgrowths extend from the posterior margin of the trunk section (Pl. 3, fig. 6). The
length of these outgrowths does not exceed a halflength of the trunk section (Ivantsov et al., 2019, textfig. 3).
D i m e n s i o n s (Fig. 1). The minimum length,
2.5 mm, a maximum length, 8.2 mm; in addition,
there is a fragmentary specimen larger in size, but
poorly preserved (PIN, no. 4853/1120), which belongs
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Fig. 2. Schematic reconstruction of Cephalonega stepanovi (Fedonkin, 1976): (a) dorsal view, cuticle cover on the right half of the
trunk section is removed, (b) transverse section, (c) the same, for the collapsed body. Abbreviations: (IS) isomer, (AS) axial structure, (FO) filamentous outgrowths.

supposedly to the species being described; incomplete
length, 17 mm.
D i s t r i b u t i o n. Upper Vendian, Ust-Pinega
Formation, Syuzma, Zimnie Gory, and Erga beds;
southeastern White Sea Region, Arkhangelsk Region.
M a t e r i a l. One hundred and nineteen specimens, including 80 specimens from the Syuzma locality, fossil assemblage SZ1(XX), PIN, nos. 3992/401,
504, 505, 5003, 5005, 5006, 5008, 5016–5023, 5025–
5046, 5049–5051, 5074, 5075, 5078, 5081–5089,
5102–5107, 5111–5131, 5133; 4 specimens from the
Karakhta Yuzhnoe locality, fossil assemblage K2(VI),
PIN, nos. 4852/103, 111, 270, 276; 17 specimens from
the Solza locality, fossil assemblage SL1(VII)
“Osnovnoe,” PIN, nos. 4853/94, 158, 598, 600–603,
840–846, 1042, 1043, 1096; 2 specimens from an
undesignated fossil assemblage, PIN, nos. 4853/1120,
1121; 1 specimen from the Zimnie Gory locality, Elovoe Yuzhnoe locality, PIN, no. 3993/6439), 10 specimens from fossil assemblage Z11(XXII) “Upper yellow,” PIN, nos. 3993/5682, 5690, 6395-97, 6415,
6663–6666; and 5 specimens from fossil assemblage
Z1(I) “Kimberella lenses,” PIN, nos. 3993/5617,
5618, 5685, 5689, 6893.
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